The aim of this paper is twofold: first, to study the determinants of banks' net interest margin with a particular focus on the role of maturity transformation, using a new measure of maturity mismatch; second, to analyse the implications for banks of the relaxation of a binding prudential limit on maturity mismatch, in place in Italy until the mid-2000s. The results show that maturity transformation is an important driver of the net interest margin, as higher maturity transformation is typically associated with higher net interest margin. However, there is a limit to this positive relationship as 'excessive' maturity transformation -even without leading to systemic vulnerabilities -has some undesirable implications in terms of higher exposure to interest rate risk and lower net interest margin.
INTRODUCTION

Maturity transformation
1 is a key function of banking. Banks are still called to transfer funds from agents in surplus demanding short-term deposits to agents in deficit with long-term financing needs (Hicks, 1946) despite the notable evolution of banks' activity through the years. The maturity mismatch needed to facilitate long-term investment projects while serving investors' liquidity needs should allow banks to earn a spread in an environment where the yield curve is positively sloped. One could argue that, although financial intermediation exposes banks to credit and interest rate risk for which banks charge a fee, the more banks ride the yield curve the higher should be their profitability. At the same time, banks might have incentives to excessively increase maturity mismatch (Brunnermeier and Oehmke, 2013 among others) exposing themselves to the funding risk related to the need to roll-over short-term liabilities. Excessive maturity transformation is therefore undesirable from a financial stability perspective (Hellwig, 2008) as it has the potential to threaten not only the stability of individual banks, even the highly rated ones (van Rixtel and Gasperini, 2013) , but also that of the whole financial system. The Global Financial Crisis (GFC) has been a case in point as the structural funding weaknesses have been a key driver of banks' failures (among others, Vasquez and Federico, 2012 , International Monetary Fund, 2013 , and Bologna, 2015 .
Despite the relevance of maturity transformation for banking, the empirical literature on the relationship with bank profitability is still very scant. At the same time, while the need for oversight and restrictions on maturity mismatch has been acknowledged as a way to reduce rollover risk and preserve financial stability (Goldstein and Turner, 2004) , also with the introduction of the Net Stable Funding Ratio (NSFR) by the Basel Committee on Banking Supervision (BCBS) (2010 and 2011) , there is essentially no empirical literature on the evaluation of policies related to banks' maturity mismatch.
Our interest is therefore to shed light on the relationship between bank profitability, maturity transformation, and the role of policies targeting banks' maturity mismatch. We focus in particular on the net interest income, a key component of bank profitability, and show that higher maturity transformation increases banks' net interest margin, particularly in the context of a steeper yield curve, with higher short-term interest rates also having a positive
effect. An increase in interest rates and/or a steepening of the yield curve might have however undesirable effects in the short-term due to non-negligible re-pricing frictions. We also find that an 'excessive' maturity transformation-proxied by a maturity transformation higher than a limit that was in place in Italy until mid-2000s (Banca d'Italia, 2006 )-could imply a higher risk exposure without improving bank net-interest margin.
These findings are relevant in light of: (i) the forthcoming introduction of the NSFR, a prudential limit on banks' structural funding risk, in many respects similar to the aforementioned Italian supervisory regulation; (ii) the possible use of policy tools on maturity mismatches in a time-varying fashion for macroprudential purposes, as suggested by the European Central Bank (ECB) (2014), the European Systemic Risk Board (2013, 2014a and 2014b) , and the International Monetary Fund (2014); and (iii) the possible phasing-out of expansionary monetary policy and the following increase in interest rates. This paper innovates the literature in two ways. First, it uses a novel measure of maturity transformation which takes fully into account the actual contractual maturity of both assets and liabilities.
Second, it is the first study to analyze how banks responded to a regulatory loosening of a limit on maturity mismatch. The still unripe literature on the effects of changes in regulations has in fact mainly dealt with regulatory tightenings and, in the context of liquidity regulations, with tools more similar to short-term liquidity measures à la Liquidity Coverage Ratio (LCR) (Banerjee and Mio, 2014; Bonner, 2012; Bonner and Eijffinger, 2012; de Haan and van den End, 2013; and Duijm and Wierts, 2016) .
The rest of the paper is structured as follows. Section 2 presents a short review of the main contributions to the literature about the determinants of banks' net interest margin and the role of maturity transformation. Section 3 describes the empirical strategy. Section 4 presents the dataset, Section 5 the estimation framework, and Section 6 the results. Section 7 concludes.
THE MAIN LITERATURE ON THE DETERMINANTS OF BANKS' NET INTEREST MARGIN AND THE ROLE OF MATURITY TRANSFORMATION
The empirical literature on the determinants of the net interest margin builds on the dealership model of Ho and Saunders (1981) and its subsequent extensions. A bank in this model is a risk-averse intermediary between lenders and borrowers. It charges a fee for providing a liquidity service, i.e., for immediately accepting deposits and granting loans without waiting for a matching transaction. Whenever the volume of loans does not match the volume of deposits, the bank resorts to the short-term money market to close the gap (i.e., to finance loans exceeding the amount of deposits or to invest deposits in excess) thereby bearing a refinancing or reinvestment risk. Such a risk is covered by charging a fee which increases with interest rate volatility. Importantly, in the original model by Ho and Saunders (1981) loans and deposits have the same one-period maturity, therefore there is no other source of interest rate risk or maturity mismatch. Additional explanatory factors underpinning interest spreads are the bank's risk aversion, the average transaction size and the degree of competition in the reference market.
Extensions to this seminal setup have followed from the relaxation of some of the simplifying assumptions. Among the key advancements, Angbazo (1997) extends the model to incorporate credit risk (and its interaction with interest rate risk). The model-implied prediction on the positive sign of credit risk is however confirmed in the empirical analysis on U.S. banks only for 'money center' banks and not for regional banks; in addition, Angbazo (1997) is the first to use a bank-specific measure of interest rate risk (proxied by the net position of short-term, 12 months or less, assets) finding a positive relation with the net interest margin, although only for regional banks. Maudos and Fernández de Guevara (2004) have further extended the framework to take operating costs explicitly into account. The estimation, over a sample of European banks, confirms that higher interest rate risk (measured by the standard deviation of interest rates), credit risk, and operating costs are reflected in higher net interest margin. The stream of empirical research stemming from these contributions has been focusing on both model-derived hypotheses and the use of additional control variables. Most studies use proxies for credit risk, interest rate risk, and operating costs as the key explanatory variables underpinning net interest margin; market structure, institutional factors and macroeconomic drivers are also controlled for in many of the available research.
Only recently Entrop et al. (2015) proposed a further extension of the baseline model by Ho and Saunders (1981) to explicitly account for the interest rate risk resulting from bank maturity mismatch. To this end, they relax the crucial hypothesis of identical loan and deposit maturity. Therefore, interest rate risk exposure does not only depend on bank duration gap, but also on bank maturity structure. Confirming the testable hypothesis implied by their model, the authors find that for German banks the net interest margin increases in the banks' duration gap but this positive effect is partially offset by a higher maturity transformation, proxied by a term spread of the duration implied par yield of assets and liabilities. The intuition is that while banks with higher interest rate risk exposure stemming from holding long-term assets charge higher (lower) loan (deposit) fees to cover this risk , banks partly offset this effect by taking account of positive 'holding period returns', i.e., they transfer to customers part of the benefits they expect from 'riding' the yield curve to secure term spreads, although the economic significance of this effect is rather limited. In other words, although interest rate risk and maturity transformation are related concepts, according to Entrop et al. (2015) they separately contribute to net interest margin. A higher maturity mismatch creates more room to take on interest rate risk which needs to be compensated by higher fees; at the same time, the higher term spread earned can be partially passed on to customers, partly offsetting these higher fees.
MODEL
Net interest margin and maturity transformation
To study the determinants of banks' net interest margin and the role of maturity mismatch we use a model of the following linear form:
where Π is the net interest margin of bank i at time t, with i=1,…,N and t=1,….,T semester.
c is a constant term, are bank-specific explanatory variables, and are controls to account for time varying common factors, such as industry-specific controls and either macroeconomic controls or time dummies. is the error term, with being the bankspecific component and the idiosyncratic factor.
Since bank profits typically exhibit a persistence over time, due to the time needed to balance sheet adjustments and/or possible obstacles to competition and/or the sensitivity to macroeconomic shocks to the extent that they are serially correlated (Berger et al., 2000) , we also estimate and dynamic version of equation (1) which include a lagged term of the dependent variable.
A value between 0 and 1 of the coefficient of the lagged term indicate a persistence of the net interest margin.
Net interest margin, balance sheet composition, and risk with a regulation on maturity mismatch
To study the implications for banks following a change in a regulation on maturity mismatch, we look at the Italian experience with a prudential limit on maturity transformation, which has been in place from 1993 to 2005 and then removed as of June 2006. 2 This regulatory change can be considered an exogenous policy decision which allowed banks to increase their maturity mismatch beyond the pre-existing limit.
3 Not all banks responded in the same way: some increased their maturity transformation beyond the limit while others did not.
Since the regulation was equally applied to all banks, the increase in maturity transformation after the policy change can be considered to depend only on the banks' management choice about the asset and liability allocation across the maturity spectrum. We can study therefore the implications in terms of risk exposure, balance sheet composition, and net interest margin of this policy change, by looking at the banks that increased their maturity mismatch beyond the pre-existing limit relatively to those that did not.
To analyze the net interest margin, balance sheet, and risk exposure following the regulatory change we use a model of the following form:
where Y is the variable of bank i at time t, with i=1,…,N and t=1,….,T, for which we analyze the change following the change in the regulation. As Y we use ten alternative bank-specific variables, described in the following paragraph. c is a constant term, high is a dummy variable equal to 1 for the 'high maturity transformation' banks, i.e., the banks that increased their maturity transformation above the pre-existing limit, and 0 for the others, pol is a dummy variable equal to 0 when the limit on maturity transformation is in place (i.e., until 2005Q4) and 1 after it is revoked (as of 2006Q2). The interaction of high and pol is therefore equal to 1 for the banks that increased their maturity mismatch above the pre-existing limit in the post-policy change period, and 0 otherwise. is the bank asset size, are macroeconomic controls, and is the error term.
We identify the banks that increased their maturity transformation beyond the pre-existing limit (from now on also defined 'constrained' banks for brevity), in the two alternative ways:
a. banks that have exceeded the pre-existing regulatory limit of 100 4 at least once after the regulatory change, and that during the five years before the change had an average 3 The exogeneity of the policy measure is motivated also by the fact that at the time of the regulatory change the Bank of Italy did not carry out formal consultations with the industry before amending prudential regulations. Hence there was no formal ex ante communication of a possible forthcoming change in regulation. 4 The prudential limit was not expressed in these terms (see Appendix for further details) but it can be simply rearranged so to express the limit as equal at 100. Hence any value below 100 is within the limit. maturity transformation lower than 90.
b.
Banks that had an average maturity transformation higher than 100 after the regulatory change, and that during the five years before the change had an average maturity transformation lower than 90.
The definition sub b is stricter than that sub a but both provide a clear separation between the banks that have increased their maturity transformation above the limit after the policy change and those that have not (either because they remained at relatively lower levels or were already at a high level, a possibility that cannot be ruled out, for transitory periods and in case of supervisory tolerance). As shown in Figure 1 , the average maturity transformation of the constrained and unconstrained banks grows in parallel in the five years before the policy change but then after the change the maturity transformation of the constrained banks grows much faster than that of the other banks. 
Variables
Credit risk
Most of the available empirical research on the determinants of interest margins shows that credit risk-often proxied by nonperforming loans (NPLs) to total assets or by loan loss provisions to total assets-exert a positive effect (Angbazo 1997, Maudos and Fernández de Guevara 2004; Maudos and Solís 2009, among the others) . This means that banks charge additional risk premiums to compensate for higher credit risk. Williams (2007) finds however a negative association between credit risk (measured by loan loss provisions) and net interest margin, explaining the result with the buying market share effect (DeYoung and Nolle, 1996) , which would also be reflected in bank portfolio quality. 5 We note that proxing credit risk with NPLs or, depending on how they are computed, even with loan loss provisions, should indeed result in a negative relationship with the net interest margin. NPLs are in fact a materialization of credit risk and, even if they were properly priced when granted, they do not accrue interest once they become nonperforming and should therefore negatively weight on banks' margin. Hence, in line with Entrop et al. (2015) , as a measure of forward looking credit risk exposure we use the ratio of risk-weighted assets to total assets.
This should guide banks' decisions about the level of the appropriate risk premium to be charged to compensate for the credit risk exposure. Thus it can be expected to be positively related with the net interest margin.
6
Interest rate risk
Interest rate risk is usually found to be positively related to banks' net interest margin (Angbazo 1997; Entrop et al. 2015; Hawtrey and Liang 2008; Maudos and Fernández de Guevara 2004; and Saunders and Schumacher 2000, among others) . We measure the bank interest rate risk using the duration gap approach, as in Esposito et al. (2015) . The duration gap is computed with the simplified methodology defined by the Banca d'Italia (2006) consistently with the principles stated by the BCBS (2004, 2006) .
7
Maturity transformation
While Entrop et al. (2015) use a price-based measure of maturity transformation, expressing it in terms of the duration of assets and liabilities, we use a quantity-based measure. We compute maturity transformation as a function of the contractual remaining maturity at time t for each asset, liability and capital instrument. In particular, we take the ratio of banks' weighted assets to weighted liabilities and capital, where assets, liabilities and capital instruments are weighted according to their residual time-to-maturity. 8 The instruments with the longer maturity are assigned the higher weights. The weights are from the prudential regulation on maturity transformation adopted by the Banca d 'Italia (2003) . 9 A notable feature of this measure of maturity transformation, not previously used in the literature, is that it captures the contractual maturity mismatch, i.e., the misalignment between the expiration dates of assets and liabilities. This concept of maturity transformation is not necessarily related to that of re-pricing maturity, as for any given financial instrument in the balance sheet the re-pricing maturity can be shorter than the contractual maturity. By accounting for the misalignment of the contractual maturity of assets and liabilities, this measure of maturity transformation can be interpreted as capturing also the banks' structural refinancing risk. From this perspective, it is therefore a more accurate proxy of banks' structural funding risk than the simpler ratios often used in the literature (e.g., loans-todeposits, loans-to-liabilities, loans-to-assets). Overall a positive relationship between banks' 7 According to the regulatory framework banks' interest rate risk is measured by the potential effect on the banks' economic value of a "standardized" interest rate shock, defined as a parallel shift of the entire term structure of interest rates by 200 basis points. The methodology requires that all assets, liabilities and offbalance-sheet items be allocated in 14 maturity buckets according to their remaining time to maturity or, in the case of variable rate items, according to their re-pricing schedule. 8 Multiplied by 100. 9 The weights are assigned based on the residual contractual maturity of assets and liabilities (i.e., the maturity to termination of the contract). On the asset side, investments in real estates and in associates and all assets with maturity longer than 5 years are weighted by 1; assets with maturities between 1.5 and 5 years are weighted by 0.5, all other assets are weighted by 0. On the liability side, regulatory capital, non-maturing liabilities and liabilities with maturity longer than 5 years are weighted by 1; liabilities with maturities between 1.5 and 5 years are weighted by 0.5; customer liabilities, including deposits, with maturity up to 1.5 year, and interbank funding with maturities between 3 months and 1.5 year, are weighted by 0.25 (Banca d'Italia, 2003) . maturity transformation and net interest margin should exist, as banks with a higher maturity transformation should gain higher fees on their assets (or pay lower fees on the liabilities).
Risk aversion
Risk aversion is often proxied by capital adequacy ratios or by equity to asset ratios. Angbazo (1997) , Brock and Rojas (2000) , Maudos and Fernández de Guevara (2004) , Maudos and Solís (2009) , and Saunders and Schumacher (2000), among others, find that higher capital ratios have a positive impact on banks' net interest margin, indicating that banks ask for higher margins to compensate for the cost of holding higher capital. Entrop et.
al (2015) proxies risk aversion with excess capital, measured as the ratio of capital in excess to the required minimum to total assets, and also finds a positive relationship with the net interest margin. As Entrop et al. (2015) , we also proxy bank risk aversion by excess capital but we measure it as the ratio of capital in excess to the required minimum to total riskweighted assets. By normalizing excess capital to risk-weighted assets we should control for the level of risk aversion relative to the banks' actual risk exposure, a more appropriate measure than the ratio of excess capital to total assets used by Entrop et al (2015) , which may yield a downward biased measure of risk aversion, as total assets-being risk insensitive-are an inflated proxy of the actual bank risk exposure. Our expectation, in line with the literature, is that the net interest margin be positively related to risk aversion.
Operational costs
In line with most of the literature (Maudos and Fernández de Guevara, 2004; Solís, 2009, and Williams, 2007 , among the others) we measure bank operational costs as a share to total assets. Based on the findings of the existing literature, we expect that higher operational costs be associated with higher net interest margins as banks that have high unit costs will need to have higher margins to cover such costs.
Size
The literature presents contrasting results on the relationship between bank net interest margin and size (often proxied by the natural logarithm of either loans or total assets).
Albertazzi and Gambacorta (2009), Ho and Saunders (1981) , and Maudos and Solís ( we use the Herfindal-Hirschman index to account for the concentration in the banking system and expect that higher concentration leads to higher net interest margin.
Macroeconomic controls
There is no generally accepted model for including macroeconomic variables to control for the effect of macroeconomic conditions on the evolution of bank interest margins. Ho and Saunders (1980) and its extensions use the volatility of interest rates. Claeys and Vander Vennet (2008) , Demirgüç-Kunt et al. (2004) , and Laeven and Majnoni (2005) , among others, control for inflation and find that it has a positive effect on interest margins through higher loan interest rates. Alessandri and Nelson (2015) for U.K. banks, and English et al. (2012) for U.S. banks use both the level of interest rates and the slope of the yield curve as they are expected to be both positively related to the net interest margin. 10 Alessandri and Nelson (2015) also argue that there is a need to control separately for the long run and short run effects of interest rates, through level and change terms respectively. While in the long run higher interest rates and steeper yield curves can be expected to have a positive effect on the net interest margin, a negative relationship could be found in the short-term as an interest rate increase/decrease can have a short-term negative/positive effect on the net interest margin, due to non-negligible re-pricing frictions. In our baseline specification we use a vector of time dummy variables, as in Esposito et al. (2015) and Purnanandam (2007) , to control for time-varying group-invariant macroeconomic conditions. Time dummies are useful also to limit potential endogeneity concerns among variables that may be driven by common macroeconomic factors. Then, in an alternative specification, we replace the time dummies with explicit macroeconomic controls, with a particular focus on the role of interest rates, as in Alessandri and Nelson (2015) .
The variables used are reported in Table 1 together with their description and the expected sign. For some of the variables described we study the banks' response to the policy change, as discussed in Section 3.2. They are, namely: net interest margin, interest rate risk, credit risk, and risk aversion. In addition, we also study the effect of the policy change on the balance sheet assets and liabilities composition by maturity (long-vs. medium-to-short term,
i.e., maturity longer vs shorter than five years), asset type (mortgage lending), and interest rate (fixed rate vs. floating rate). All these variables area considered as a share of total assets. 
Bank -specific variables
Net interest margin Ratio of net interest income to total assets.
Maturity transformation
Ratio of maturity-weighted assets to maturity-weighted liabilities and capital. Assets, liabilities and capital are allocated to maturity buckets depending on their residual time-to-maturity and then weighted, as described in Banca d 'Italia (2003) . The weighting system is such that the longer the maturity the higher the weightings. total assets. The dynamics over time of the mean of each variable is presented in Table 4 . This table presents , by semester, the representativeness of the sample (in terms of share total banking system assets and share of GDP) and its composition (in terms of consolidation statusindividual/solo banks, parent/consolidating banks, and subsidiaries of banking groups -and of institutional status -cooperative and commercial banks). 
EMPIRICAL ESTIMATION
The models given by equations (1) and (2) are estimated using the generalized method of moments (GMM) proposed by Blundell and Bond (1998) , also known as system GMM estimator, widely used in the literature to estimate a dynamic panel equation with small T and large N, as in this paper. The framework accounts for endogeneity, controls for unobserved heterogeneity, and deals with the biases and inconsistencies typical of least square estimations, provided that the model is not subject to serial correlation of order two and the instruments used are valid.
We instrument for all the bank-specific regressors but bank size, which we consider to be pre-determined together with market concentration. We apply the instruments to the level equation and in order to limit their proliferation we cap to two the number of lags of the Then, to study the implications of the increase in maturity transformation observed after the policy change we estimate equation (3) using a within-regression estimator with bank fixed effects and robust clustered standard errors. 11 We think this approach is appropriate for our mostly descriptive analysis which does not feature a dynamic specification. The only exception is when equation (3) is estimated using the net interest margin as dependent variable: in this case we revert to the system GMM estimator used for equations (1) and (2).
Equation (3) is estimated from five years before the policy change to the end of the sample, i.e., from June 2001 to June 2008. We use the time-window to select the constrained banks defined in Section 3.2.
RESULTS
Net interest margin, maturity transformation and interest rates
The results from the estimation of equations (1) and (2) are shown in Table 5 . For all the specification presented the AR-test and the Hansen test confirm that the model is not subject to serial correlation and that the instruments used are valid. In particular, for the specifications (1)-(4) the AR-test rejects the hypothesis of serial correlation of order two, while for the specifications sub (5) and (6), the AR-test rejects the hypothesis of serial correlation of order 3. This is a satisfactory result since in the specifications (4)-(6) the third and fourth lags of the endogenous variables are used as instruments for their current value.
The baseline estimation sub (1) shows that maturity transformation, credit risk, and bank size are significantly associated with the net interest margin. The first two variables have the expected positive sign. The result for credit risk is in line with the existing literature, which generally finds a positive relationship between credit risk and the net interest margin. The result for contractual maturity transformation suggests that banks earn a higher spread when 11 A fixed effect estimator is used as the Hausman test rejects the null hypothesis of random effects.
they perform higher maturity transformation, an intuitive but novel finding with no direct comparison in the empirical literature. The negative sign of bank size is against the ex-ante expectation but in line with Maudos and Fernández de Guevara (2004) , and Fungáčová and Poghosyan (2011) . It suggests that larger banks might give up part of their net interest margin to attract customers relationship beyond lending business.
The non-significance of interest rate risk is in contrast with most of the literature. In principle, this may be due to interest rate risk being collinear with maturity transformation.
So in order to test whether this is the case, in the specification sub (2) we re-estimate equation (1) without maturity transformation. Interest rate risk remains non-significant also sub (2) confirming that the non-significance sub (1) is not due to collinearity with maturity transformation. These results suggest instead that on average banks hedge their interest rate risk exposure, as confirmed by Hoffmann et al. (2017) for a sample of major euro area banks.
The difference with most of the previous literature should not be too surprising. Interest rate risk exposure changes from banking system to banking system (mostly due to cross-country differences in the fixation of loan terms, and in particular mortgages, as shown by Hoffmann et al, 2017) and has also evolved over time with the advances in hedging practices. While in the past hedging the interest rate risk might not have been so common, over the last decades it has become a standard business practice by commercial banks, aiming at stabilizing the volatility of the net interest margin and hence at more closely linking the margin to the markup obtained on lending. We also find that under specification sub (1), differently from most of the available literature, operational costs, market concentration, and risk aversion are non-significant.
The results for the estimation of the dynamic equation (2) are presented sub (3). The autoregressive component of the net interest margin is very significant in explaining the current level of the margin, both statistically and economically. The significance of the other variables is confirmed. In particular, after adjusting for the lagged dependent variable to obtain long-run coefficients 12 , we find that the effect of maturity transformation remains unchanged relative to the estimation sub (1), while that of credit risk is about 60 percent higher (at 0.008) , and that of size is about 30 percent lower (at 0.105).
Somewhat different results are obtained in the specification sub (4) where we change the way we control for macroeconomic developments. Instead of using time dummies, we explicitly include macroeconomic variables. In particular, we add GDP growth, consumer price inflation, short-term interest rate, slope of the yield curve, and change terms for the latter two variables as in Alessandri and Nelson (2015) . Differently however from Alessandri and
Nelson (2015) whose focus is on the macroeconomic factors driving the net interest margin, the specification sub (4) is a blended approach which combines both bank-specific and macroeconomic controls.
Under this specification, for the bank-specific variables we confirm the significance of 
Table 5. Net interest margin
As for the macroeconomic variables, contrary to the ex-ante expectation, GDP growth and consumer price inflation do not seem to matter for the bank net interest income, as they are not significant. The results for the interest rate variables indicate instead that the levels of both the short-term interest rates and the slope of the yield curve contribute positively to the banks' net interest margin, a finding in line with English et al. (2012) and Alessandri and Nelson (2015) . As in Alessandri and Nelson (2015) , we also find that the coefficients of the difference terms D.Short-term rate and D.Yield curve slope-that can be interpreted as shortterm effects of interest rate changes-have a negative sign. The joint reading of the results for the interest rates variables suggests the presence of non-trivial frictions in the re-pricing of assets and liabilities such that, in the short run, unexpected increases in interest rates can result in a compression of banks' net interest margin. However, in the long run these frictions fade away and higher interest rates and a steeper yield curve slope contribute to higher net interest rate margins.
Given the interesting results for the slope of the yield curve, we explore the role of maturity transformation relative to the level of the yield curve, by including the interaction between these two variables, as shown sub (5). The results confirm the intuition that both maturity transformation and yield curve slope are not so relevant per se for bank profitability, but rather the net interest margin increases in the level of both maturity transformation and the slope of the yield curve, as shown by the positive and significant interaction between these two covariates.
The economic significance of the different variables is evaluated by comparing the changes in net interest margin that would be implied by a one standard deviation higher value of the explanatory variables. Looking at the dynamic specification with time dummies sub (3), the autoregressive component of the net interest margin has the highest weight, as it would increase the margin by 25 percent, followed by maturity transformation and credit risk, that would increase it by 7 percent. In the dynamic specification with macroeconomic controls sub (4), the economic significance of the variables already significant sub (3) is broadly stable. In addition, the economic significance of the autoregressive term of the net interest margin is of the same magnitude as that of operational costs, as they would increase the margin by 20 and 19 percent respectively. The economic significance of short-term interest rates and credit risk is the same, as they would both increase the net interest margin by 7 percent. Also maturity transformation and the slope of the yield curve have the same economic significance as they would both increase the net interest margin by 5 percent.
Market concentration has the lowest economic significance at it would decrease the margin by 4 percent.
Net interest margin, balance sheet composition, and risk with a regulation on maturity mismatch
The results for the interaction variable pol x high is the one of interest to ascertain the implications on the selected dependent variable of the higher maturity transformation carried out by some banks after the regulatory change. We repeat each estimation for the two groups of constrained banks defined in Section 3.2. The results for the two groups are labelled with (a) and (b) respectively, with (a) indicating the less conservative definition and (b) the stricter.
14 The first estimations of equation (3) aim to assess the changes in assets and liabilities composition, in terms of maturity, asset type, and interest rate.
The results in Table 6 show that those banks that after the policy change increased their maturity mismatch beyond the pre-existing limit did so by substantially reshuffling their assets (sub (1)) and their liabilities (sub (3)). In particular, the constrained banks increased their long-term assets (i.e., with remaining maturity longer than five years) relative to the rest of the sample, as indicated sub (1) The estimation presented in Table 7 assesses the possible changes in the composition of longterm assets and liabilities by interest rate type, i.e., fixed vs. variable rate. In particular it
shows that the constrained banks had a relatively higher share of fixed rate long-term assets than the other banks after the policy change, as indicated sub (1) by the positive sign of the interaction term which partially offsets the negative sign of policy. No significant change is however observed on the liability side for the constrained banks. indicate two alternative definitions of the group of banks that (i) were below the regulatory limit before the policy change and that (ii) increased maturity transformation beyond the limit after the change. Definition (a) is less conservative than (b) and hence includes more banks. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Long-term assets -fixed rate Long-term liabilities -fixed rate
The joint reading of the results in Table 6 and 7 point to a different behavior of the constrained banks relative to the unconstrained banks after the policy change. The natural questions that then arise are: have these changes had any effect on (i) banks' risk exposure and (ii) on their net interest margin? We answer each of these two questions in what follows. Table 8 presents the estimation of equation (3) where the dependent variables are credit risk, interest rate risk, and risk aversion. As a measure of credit risk, in addition to the average risk weighting of the loan portfolio used in the previous Section, which should capture the potential risk exposure, we also use the level of bad loans as a ratio to total loans, which measures the actual materialization of credit risk.
The only variable for which the policy change has implied a significant effect is the banks' interest rate risk exposure, as shown sub (3) while no significant effects are detected for credit risk and risk aversion. As for the interest rate risk, while after the policy change there was on average a lower exposure, as indicated by the negative coefficient of policy, the decrease has been of a smaller magnitude for the banks that increased their maturity transformation beyond the pre-existing limit, as suggested by the positive coefficient of the interaction term. These results for interest rate risk are consistent with those on assets and liability composition (presented in Table 6 and 7) which indirectly suggest, for the constrained banks, the possible increase in risk exposure that has been confirmed in Table 8 . To answer the question whether the increase in maturity transformation carried out by the constrained banks after the policy change has had any implication on their net interest margin we re-estimate equation (2) augmented by the dummy variables policy and high and their interaction. Differently from the estimation of equation (2) Table 9 and are broadly consistent with the findings shown in Table 5 sub (3). The lagged net interest margin is significant for both lags and so are maturity transformation and size. The only exception is credit risk which is non-significant in this estimation.
The results for the policy-related variables indicate that the policy change has been followed by a lower net interest margin for the constrained banks, as shown by the negative sign of the coefficient of the interaction variable both sub (a) and sub (b). This means that while on average a positive relationship between maturity transformation and net interest margin is confirmed by the coefficient of maturity transformation, an 'excessive' maturity mismatchproxied by a level beyond the pre-existing regulatory limit-did not lead to higher net interest margins but on the contrary had a negative effect on the net interest margin for the constrained banks. This table presents the Blundell-Bond system GMM estimates of the implications of the regulatory change for net interest margin. (a) and (b) indicate two alternative definitions of the group of banks that (i) were below the regulatory limit before the policy change and that (ii) increased maturity transformation beyond the limit after the change. Definition (a) is less conservative than (b) and hence includes more banks. Hansen test, AR (1), AR (2), and AR(3) tests are provided at the end of the table. Estimated robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
CONCLUSIONS
We have shown that higher maturity transformation is positively associated with banks' net interest margin, together with higher short-term rates and a steeper yield curve. Furthermore, maturity transformation is not relevant only per se, but it improves the net interest margin the steeper the yield curve. These intuitive results suggest that banks price the higher funding risk stemming from higher maturity transformation, even though we cannot claim that by doing so they also account for the non-linearities that can abruptly materialize during crisis periods.
We have also shown that following a loosening of a regulatory limit on maturity transformation some banks increased their maturity transformation beyond the pre-existing limit. They did so by carrying out a significant rebalancing of their balance sheet, in terms of maturity, interest rate, and lending type, resulting in an increased exposure to interest rate risk and in a lower net interest margin than the rest of the sample.
While these results are rather novel, and as such should be interpreted with caution, they have important implications. In a low interest rate environment banks' net interest margin could benefit from a higher maturity transformation, particularly if it comes in conjunction with a steeper yield curve. Higher short-term rates are also likely to be beneficial. However, two important caveats need to be highlighted. First, significant re-pricing frictions exist such that in the short-run an increase in interest rates and/or a steepening of the yield curve might not be as beneficial as expected for banks' net interest margin; second, excessive maturity transformation entails higher risk exposure without necessarily improving profitability.
Although this study focuses only on the net interest margin, this is likely to be the income component most sensitive to interest rates and maturity transformation. To conclude, our findings suggest that (i) higher interest rates are likely to improve banks' profitability by increasing their net interest margin, but a smooth increase helps to give banks' time to adjust their balance sheet and limit the risk of negative short-term effects, (ii) higher maturity transformation is beneficial for banks' net interest margin but unregulated 'excessive' maturity transformation is undesirable both for net interest margin and risk exposure. The adoption of the NSFR, conceptually similar to the regulation that was in place in Italy, is therefore likely to benefit banks by reducing their riskiness without necessarily affecting their profitability. However, a proper calibration of this prudential tool is necessary, as highlighted also by Segura and Suarez (2017 All the maturities referred to the residual contractual maturity, which is the relevant time dimension of maturity mismatch to measure the effective maturity transformation. The time to contractual maturity is therefore different from the time to re-pricing, relevant to capture interest rate risk. The regulation was applied at consolidated level only, in order to make it neutral with respect to banks' organizational choices. The regulation, unique in its nature in the context of the European single market, was then abolished in 2006, 16 leaving in place only the first rule which is no more formally referred to as a limit to maturity transformation (Banca d'Italia, 2013) and that is so loose to be extremely unlikely to become a binding constrain for banks in normal operating conditions.
